In this paper, the author describes the recent trend of researches on how people move against a fire, especially those on human behavior for evacuation, classifying them by theme, method, and countermeasures. Many recent researches have applied a simulation model in parallel with increasingly sophisticated contents; however, the author stresses the importance of not posing the eventual goal of each research by misapplication. Further, with the recent increase in studies by researchers such as psychologists, a trend which is much appreciated, the author expects researches in this field will be promoted further through closer commucations.
INTRODUCTION -Necessity and Importance of This Research
It is assumed that the relation between people and fire started. its history as early as the appearance of human beings. This paper overviews the present situation of research on the correlation between the violence to people caused by fire and people's protecting efforts against fire to minimize damage, focusing on the recent trend of research on evacuation, directions of future research development and on expectations.
To clarify the necessity and importance of countermeasures to minimize damage, especially casualties, caused by fire, a simple flow chart is presented to identify the role and characteristics of various measures in the whole fire-protection scheme, as shown in Figure 1 below.
If anyone of countermeasure-chains shown in Figure 1 is always available to work completely, safety can be maintained, or restored with least damage even when a fire breaks out. However, since anyone measure cannot be 100% reliable in reality, generally, a few of them must be combined to achieve the intended goal. For the purpose of fire protection for buildings as well as minimizing casualties and property damage caused by fire, a most effective (i.e., highly reliable and economic) plan is eventually required. Table 1 presents two major groups of countermeasures, classified into the "physical countermeasures" using equipment and apparatus for fire protection, and the "human countermeasures" emphasizing personal attention and behavior. 
As shown in Figure 1 and Table 1 above, the field of physical countermeasures has been upgraded through automatization by taking advantage of recent technical innovation. On the other hand, there still exists another field requiring human involvement, which cannot be substituted by physical means, as described in A and F of Figure 1 and (a) and (f) of Table L (However, the starred "Actions by firemen" will be taken into account separately.)
In future, more emphasis should be put on research into "human countermeasures" among others, especially on solution of problems concerning with human psychology and behavior in case of emergency.
RECENT TREND OF RESEARCHES
Research on evacuation, which is the most important part of the study of human behavior in fire, was initiated by Dr. Kikuji Togawa about 1955 in Japan through his study "On Evacuation Facilities through Observation of Crowd Flow"(l). In 1970 and later, the method using a computer simulation has been widely used for developing various behavior models in Japan, U.S.A. and other countries. An overview on the recent trend of these researches is as follows.
Classification by Theme
Research focusing on behavior or time to cope with fire. This is a study to be used in making plans such that an evacuation should be finished by the time the hazard occurs, prepared by summarizing human behaviors in a fire and specifying the time required to complete each stage.
Recent researches have focused on "the time required for evacuation" and "the time to start evacuation", as well as on the basic and average walking speed. E'or example, a study (2) to specify the required time and Judgement on the Evacuation Same as the above spot, Guiding Evacuation the starting time for evacuation through behavioral experiments and simulations, as well as a study by T. Kato(3) , was made to study the time to reach the site of the fire after noticing a fire alarm, begining fire fighting and reporting to a fire station by phone, or giving evacu-ation directions to the occupants.
Further, a study(4)is made using statistical data of fires on the time elapsed from the outbreak to detection, the time elapsed until a fire station acknowledges, and the time to start evacuation.
Research focusing on human physiology, psychology and human capability.
(1) Capability of the mentally and physically handicapped people and a study of the means of evacuation from their accommodation. A study (5) was made of the time required for relocating patients in hospital by stretcher and wheelchair through experiments, as well as a study (6) with regard to the time elapsed until the mentally retarded awaken from sleep at night in a mental home through observation of fire drills.
There exists another study (7) (2) Simulation for supporting behaviors. Studies have been made, incorporating into evacuation simulations the behavior of those who are engaged in leading, supporting, transferring by stretcher, rescue, etc. during evacuation, so as to determine priorities of people to be rescued in accommodation for the handicapped or for determining the manpower necessary for leading them to safety.
Examples include "Escape and Rescue Model" (24) (1) Identifying the flow coefficient and confluence ratio by experiments.
Attempts have been continuously made through a series of experiments to clarify the flow coefficient (flow rate) and confluence ratio in a corridor and staircase, which is regarded as a premise for calculation of evacuation.
Examples include "Experimental Study on Escape Direction" (30) 
Classification by Countermeasures
In terms of reliability of facilities and equipment. Studies have been made on how people act when a fire detector incorrectly alarms and on the relation between equipment inspection and malfunction. The following studies clarify reliability and effectiveness of facilities using data from the inspection of fire extinguishing equipment conducted by fire officials, as well as examining to what extent reliability can be improved through proper maintenance. In terms of management system. The Fire Defense Agency prepared the following manual regarding the management system for the nighttime fire protection at inns and hotels in cooperation with the Fire Protection Equipment and Safety Center. This manual shows how to evaluate whether the necessary actions would be completed within the allowable time fixed as required to cope with fires.
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Instruction Manual on Management System for the Nighttime Fire Fighting at Inns and Hotels (39) The following is the summary of the foregoing:
(1) Recent researches are apt to be increasingly sophisticated, taking advantage of the computer simulation method for developing behavior models, incorporating various related factors and making forecasts on egress behavior in case of emergencies.
(2) Also researchers in engineering fields, researchers in psychology, statistics, sociology, etc. have accomplished more and more studies. Studies related to fire prevention (protection against outbreak of fires, anti-fire education, etc.), are now being made in a wider range than ever after a period of low activity.
KEY CHALLENGES IN FUTURE RESEARCH Problems on Forecasts of Evacuative Behavior
As mentioned above, recent studies using computer simulations to make forecasts on evacuation behavior during fires seem to have become more sophisticated and more active.
However, this trend may lead to researchers losing the original goals of their studies, possibly leading to providing incorrect results.
For example, in facilities such as hospitals, homes for the aged, infant homes, etc. homes to accommodate physically and mentally handicapped people, for whom conventional means of egress are inappropriate, the first and most important step is to complete divisions for fire extinguishing and smoke blocking by early detection of fires (shown in C, D, E of Figure 1, and in (c), (d) , (e) of Table 1 ). Then, appropriate measures should be taken for assisted and escape.
On the other hand, in department stores, theaters, halls, etc. accommodating many and unspecified people, it is more appropriate to put emphasis on guidance and escape than to make counterplans of divisions for fire protection and fire fighting.
As an evaluation method of evacuation plans, it is risky to pay attention only to the time criteria such that "if the time consumed for evacuation to a safety area by all the people involved does not exceed the given time, it is regarded safe". Reviews must be made by making a point of "selection of escape directions", "detection of points causing stagnation or confusion of the crowd among escape routes and preventive means against occurrence of dangers such as tumbles at these points".
Necessity of Research on Preventive Means before Fire
As shown in Figure 1 and Table 1 above, the field of fire prevention has been less studied compared to means to be taken after fire outbreaks. Especially in the field of A and (a) shown in the said Figure and Table, topics such as psychology must be accomplished, because human factors are deeply involved; however, efforts in this field have been insufficient so far. Therefore, the recent trend to increase studies by researchers in human sciences is highly appreciated, and closer communications among researchers in each field is a key in future development. since few researches have been made in this field on the whole, the following tasks are expected to be tackled in future.
(a) Research on the mechanism of fire outbreaks, especially people are involved, must be made for effective implementation of preventive means.
(b) In terms of fire prevention for the aged, infants, and the handicapped, research must be made on some effective methods combined with other means, such as the use of a pocket-sized alarm in an emergency report and flame retardant fabrics for clothes and bedding, and so on.
Promotion of Research for Decrease of Casualties due to Residential Fires
In seeking to decrease fatalities due to residential fires, which account for 70-80% of the total fatalities by fire, the use of a fire detector and simple sprinkler for home use, showing a successful result in the U.S., should be widely spread.
In the light of this, research and investigation must be made on enlightenment and spreading activities for citizens, especially for all family members including women and children, as well as on administrative guidelines and method of assistance.
